Purpose: To evaluate the diagnostic accuracy of computed tomography (CT), magnetic resonance imaging (MRI), and positron emission tomography/computed tomography (PET/CT) in predicting pelvic lymph node (LN) metastases in patients with cervical cancer. Materials and Methods: From January 2009 to March 2015, 114 patients with FIGO stage IA1-IIB uterine cervical cancer who underwent hysterectomy with pelvic lymphadenectomy and took CT, MRI, and PET/CT before surgery were enrolled in this study. The criteria for LN metastases were a LN diameter ≥1.0 cm and/or the presence of central necrosis on CT, a LN diameter ≥1.0 cm on MRI, and a focally increased FDG uptake on PET/CT. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy for pelvic LN metastases were estimated. Results: The sensitivity, specificity, PPV, NPV, and accuracy for detection of pelvic LN metastases were 51.4%, 85.9%, 41.3%, 90.1%, and 80.3% for CT; 24.3%, 96.3%, 56.3%, 86.8%, and 84.6% for MRI; and 48.6%, 89.5%, 47.4%, 90.0%, and 82.9% for PET/ CT, respectively. The sensitivity of PET/CT and CT was higher than that of MRI (p=0.004 and p= 0.013, respectively). The specificity of MRI was higher than those of PET/CT and CT (p=0.002 and p=0.001, respectively). The difference of specificity between PET/CT and CT was not statistically significant (p=0.167). Conclusion: These results indicate that preoperative CT, MRI, and PET/CT showed low to moderate sensitivity and PPV, and moderate to high specificity, NPV, and accuracy. More efforts are necessary to improve sensitivity of imaging modalities in order to predict pelvic LN metastases.
Introduction
Uterine cervical cancer is one of the most common cancers in women worldwide. The incidence of uterine cervical cancer in Korea has decreased, but it ranks still fifth among cancers in women [1] . Rather, the number of patients who received www.e-roj.org https://doi.org/10.3857/roj.2017.00206 radiotherapy for uterine cervical cancer is increasing [2] . Pelvic lymph node (LN) involvement is a significant prognostic factor for overall survival [3, 4] and is one of the most important indications for adjuvant concurrent chemoradiotherapy (CCRT) or definitive CCRT in patients with cervical cancer. Thus, accurate pretherapeutic evaluation of pelvic LN metastases is critical for appropriate treatment selection and planning. The boost external beam radiotherapy (EBRT) to clinically positive pelvic LNs could achieve favorable outcomes in pelvic nodal control in patients with uterine cervical cancer treated by CCRT or radiotherapy [5] . Although the boost EBRT improved pelvic nodal control, the normal tissue to the surrounding pelvic LNs was simultaneously irradiated. Thus, it is important to administer the boost EBRT in selected patients with accurate assessment of clinically positive LN to reduce the volume of irradiated normal tissue and to minimize the complication rates. The utility of imaging modalities in RT planning would improve the selection of patients receiving the boost EBRT. Surgical pelvic LN evaluation is the gold standard for the diagnosis of pelvic LN metastases. However, pelvic lymphadenectomy increases the risk of acute and late complications such as lymphedema, infection, vascular damage and ureteral injury to the patients. Therefore, a non-invasive technique for precisely identifying LN status is necessary not only to avoid unnecessary surgical procedures but also to serve as a basis for optimal radiotherapy field and dose without surgery [6, 7] . Several non-invasive modalities have been used to assess the status of the disease; computed tomography (CT), magnetic resonance imaging (MRI) and positron emission tomography/computed tomography (PET/CT).
The aim of this study was to investigate the diagnostic accuracy of CT, MRI, and PET/CT in predicting pelvic LN metastases by comparing imaging findings with histopathologic diagnosis after LN dissection in patients with uterine cervical cancer.
Materials and Methods

Study population
Eligibility requirements for the current study included newly diagnosed and histopathologically proven, the International Federation of Gynecology and Obstetrics (FIGO) stage IA1-IIB uterine cervical carcinoma, as determined by baseline study including CT, MRI, and PET/CT from January 2009 to March 2015. All patients who underwent hysterectomy and bilateral pelvic lymphadenectomy were eligible to participate in this study. The patients had no contraindications for surgery and had no clinical evidence of distant metastases. The patients who took PET alone were excluded from this study, because PET scan has limited resolution and anatomic information compared with PET/CT. This research protocol was approved by the Institutional Review Board of Ewha Womans University Mokdong Hospital (No. 2015-08-029).
CT
CT examinations were performed using CT scans (SOMATOM; Siemens Medical Solutions, Erlangen, Germany), with the following parameters: beam collimation, 0.6 mm × 128 mm; pitch, 0.8; gantry rotation time, 0.5 seconds; slice thickness, 5.0 mm; interval, 5.0 mm. For the contrast enhancement study, 120 mL of non-ionic contrast medium (iohexol, Bonorex 350; Centrial Medical Service, Seoul, Korea) was intravenously administered at a rate of 3.0 mL/s. Then, CT scan was performed 100 seconds after contrast material injection to obtain the venous phase images. All images were obtained from the abdomen to the pelvis. The CT images were interpreted by a radiologist in gynecologic oncoradiology with being unware of the results of other tests. LNs with the short axis diameter ≥1.0 cm and/or the appearance of central necrosis were considered positive for malignancy on CT images.
MRI
MR imaging of the abdomen and pelvis was obtained by using 3.0-T scanner (Achieva; Philips Medical Systems, Cleveland, OH, USA) using a pelvic array coil for pelvic scans. Scans were performed using the following parameters: axial T1-weighted fast spin-echo (FSE) 
18 F-FDG-PET/CT
PET/CT scanning was obtained using a whole-body PET system (Biograph 128; Siemens Medical Solutions) by the use of 18 F-FDG. The patients were asked to empty their bladder before administration of The PET/CT images were interpreted by a nuclear medicine physician with being unware of the results of other tests. For each patient, FDG uptakes by normal tissue and tumor were measured as a value of uptake counts. On PET/CT images, a malignant LN was defined as a focally increased FDG uptake greater than the maximum standardized uptake values (SUV max ) 3.0 or moderately to markedly increased FDG uptake relative to the surrounding tissue with the exclusion of urinary activity, vessel and physiological bowel. Equivocal or unclear uptakes were interpreted as negative findings.
Histopathologic evaluation
LNs were labeled as right and left pelvis. All LNs were cut at 2.0 mm thickness and stained with hematoxylin and eosin. Each LN was examined by pathologists, who were blinded to the imaging results and surgical exploration findings.
Classification of lymph node
The pelvic LNs were divided into two groups: right hemi-pelvis and left hemi-pelvis. The hemi-pelvis based classification was applied to the current study as well as several other studies of uterine neoplasms [8, 9] . The right hemi-pelvic LNs included right common iliac area, right internal iliac area, right external iliac area, and right obturator area. The left hemi-pelvic LNs included left common iliac area, left internal iliac area, left external iliac area, and left obturator area.
Statistical evaluation
CT, MRI, and PET/CT images on pelvic LN metastases were estimated on the basis of the histologic examination as true positive, false positive, true negative, or false negative. The pelvic LNs detected by imaging were correlated with the histologic findings on each hemi-pelvis as a distinct unit. Findings were considered a true positive if the positive pelvic LNs were shown in one hemi-pelvis on CT, MRI or PET/CT imaging and if metastatic LNs were found per hemi-pelvis on pathology. Findings were considered a false positive if the positive pelvic LNs were shown in one hemi-pelvis on CT, MRI or PET/CT imaging and if no metastatic LNs were identified per hemi-pelvis on pathology. Findings were considered a true negative if all LNs were free of metastases per hemi-pelvis on both imaging and pathology. Findings were considered a false negative if the positive pelvic LNs were not shown in one hemi-pelvis on CT, MRI or PET/CT imaging and if metastatic LNs were found per hemi-pelvis on pathology. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of the CT, MRI and PET/CT for detection of pelvic LN involvement were estimated using standard statistical formulas. (Fig. 1) . Five of the 37 pelvic LN sites showed positive findings in all three imaging modalities but no metastatic LNs on pathology (Fig. 2) . For 38 sites with positive findings on PET/CT, the SUV max of pelvic LNs ranged from 1.3 to 7.4, with a mean value of 3.1. The SUV max of pelvic LNs with and without pathologic metastases were 3.3 ± 1.8 (1.3-7.4) and 3.0 ± 0.7 (1.7-4.5), respectively (Student t-test, p = 0.42).
The hemi-pelvic LN-based sensitivity, specificity, PPV, NPV, and accuracy of CT, MRI, and PET/CT for predicting LN metastasis were shown in Table 4 . As for specificity, PPV, and accuracy, MRI had the greatest values among three imaging modalities for detection of metastatic LN. Regarding sensitivity and NPV, CT had the greatest values. The sensitivity of CT was higher than those of MRI or PET/CT. The differences of sensitivity were statistically significant between CT and MRI (p = 0.013) as well as PET/CT and MRI (p = 0.004), respectively. The difference of sensitivity between CT and PET/CT was not statistically significant (p = 1.000). The specificity of MRI was higher than those of CT or PET/CT. The differences of specificity were statistically significant between CT and MRI (p < 0.001) as well as PET/CT and MRI (p = 0.002), respectively. The difference of specificity between PET/CT and CT was not statistically significant (p = 0.167).
The sensitivity and specificity of patients with FIGO IA and IB were 37.5% and 88.8% for CT; 16.7% and 97.1% for MRI; and 41.7% and 91.8% for PET/CT, respectively. The sensitivities of three imaging modalities were lower than those of overall population. The difference of sensitivity between MRI and PET/ CT was statistically significant (p = 0.031). The differences of sensitivity were not statistically significant between CT and MRI (p = 0.125) as well as CT and PET/CT (p = 1.000), respectively. The sensitivity and specificity of patients with FIGO IIA and IIB were 76.9% and 61.9% for CT; 38.5% and 90.5% for MRI; and 64.5% and 71.4% for PET/CT, respectively. The sensitivities of three imaging modalities were higher than those of overall population. The differences of sensitivity among three imaging modalities were not statistically significant (p = 0.125 for CT and MRI, p = 0.625 for CT and PET/CT, and p = 0.25 for MRI and PET/CT, respectively).
Discussion and Conclusion
The purpose of this study was to assess the diagnostic accuracy of the three currently used imaging modalities, CT, MRI, and PET/CT, in evaluating pelvic LN involvement influencing treatment modality and prognosis. The sensitivity and specificity of CT for detecting LN metastases from cervical cancer are reported to be 42.0%-64.7% and 82.0%-96.6%, respectively [8, 10] . In our study, the sensitivity and specificity for LN sites were 51.4% and 85.9%, respectively, and are similar to those reported by others.
The sensitivity and specificity of MRI for detecting LN metastases from cervical cancer are reported to be 30.3%-70.6% and 74.0%-92.6%, respectively [8, 10, 11] . In our study, the sensitivity and specificity for LN sites were 24.3% and 96.3%, respectively. The current data showed that the sensitivity of MRI was relatively low for detection of metastatic LNs compared to those reported by others.
The sensitivity and specificity of PET/CT for detecting LN metastases from cervical cancer are reported to be 51.1%-75% and 92.6%-99.8%, respectively [11] [12] [13] [14] . In the present study, the sensitivity and specificity for LN sites were 48.6% and 89.5%, respectively. The current data showed that the sensitivity and specificity of PET/CT were relatively low for detection of metastatic LNs compared to those reported by others.
The first possible reason for low-to-moderate sensitivities of CT, MRI and PET/CT in our study is that most patients (75.4%) were of FIGO stage IA1 to IB1. In a study of 43 patients with stage IA-IIB uterine cervical cancer, Yang et al. [8] reported sensitivities with CT of 64.7% and MRI of 70.6% for pelvic LN metastases when dividing per hemi-pelvis. Despite the similar study design based on hemi-pelvis, the higher sensitivity compared with our results is probably related to different distributions of FIGO stage. Approximately 28% of these patients were of FIGO stage IIA and IIB, whereas there were 15% with FIGO stage IIA and IIB in the current study. The different distribution of patients according to FIGO stage [15] reported that the sensitivity rate was 32% for PET/CT with FIGO stage IB1-IIA <4 cm in diameter. Chou et al. [16] reported that FDG-PET detected only one (10%) of the 10 pelvic LN metastases in patients with FIGO stage IA2 to IIA and MRIdefined negative nodal metastasis. Driscoll et al. [17] reported that the sensitivity rate was 0% for PET/CT in patients with early stage (FIGO stage IA to IB1) and MRI-defined LN-negative cervical cancer. In the present study, the sensitivities of three imaging modalities in patients with FIGO IA-IB were relatively low compared to those of patients with FIGO IIA-IIB. As for MRI, the use of only size criteria could be the additional reason for the relatively low sensitivity. Although the diagnostic accuracy of detecting LN metastasis by MRI is dependent on the LN size and LN sizes greater than 1 cm in the short axis have been generally considered abnormal, the use of only size criteria on MRI has been proven to be of limited diagnostic accuracy and this criteria may have resulted in a relatively low sensitivity. It could be difficult to differentiate between nonmetastatic and metastatic LNs of similar size and normal sized LNs may also be involved with metastatic disease. Several factors have been suggested to improve the sensitivity of MRI. First, the diagnostic accuracy of MRI could be improved when combined with morphologic parameters. Choi et al. [18] reported that lobulated or spiculated LN margins were strong predictors of LN metastasis. Yang et al. [8] reported that central necrosis is useful in the detection of metastasis in pelvic LNs in uterine cervical cancer. Second, the ADC based on diffusion-weighted imaging (DWI) is a relatively independent modality of lesion size for evaluation of LN metastases. DWI has been used for the differentiation between clinically benign and malignant lesions in extra-cranial organs. Kim et al. [19] reported that DWI was useful in detecting metastatic LNs in uterine cervical cancer. Choi et al. [20] reported that a node-by-node comparison of DWI improved the diagnostic performance compared with conventional size-based criteria on T2-weighted imaging in patients with uterine cervical cancer. A number of factors could explain the discrepancies of PET/CT between our study and previous ones. First, FDG is not a cancer-specific agent, and inflammatory cells such as macrophages and neutrophil in areas of infection or inflammation will also accumulate FDG [21, 22] . FDG-PET/CT has still a difficulty in differentiating between inflammatory and metastatic LNs. Additionally, multiple structures with variable physiologic uptake of FDG may be seen in the abdomen and pelvis. The ovaries containing functional cysts may lead to increased FDG activity mimicking LN metastases, and normal ovarian uptake may be misinterpreted as a metastatic lesion [23, 24] . Second, the uptake value of PET/CT is unsatisfactory when metastatic LNs are small sized. Kitajima et al. [25] found that PET/CT had a detection sensitivity of 16.7% in metastatic LNs with a short-axis diameter of 4 mm or less. This limited sensitivity is based chiefly on insufficient detection of small metastatic LNs. We suggest that the diagnostic accuracy of PET/CT could be improved when combined with morphologic findings provided by MRI. Kim et al. [26] reported that fused MR/PET imaging compared with PET/CT is suggested to be useful for detecting metastatic LNs in uterine cervical cancer.
Taken together, CT, MRI, and PET/CT in our patients with uterine cervical cancers have relatively low to moderate sensitivity and moderate to high specificity for detecting pelvic metastatic LNs compared to those reported by others. The discrepancy could be explained that we performed histopathologic examination of LNs with slices made at 2 mm thickness, whereas LNs are usually evaluated in only 1 or 2 parallel sections. Lentz et al. [27] reported that micrometastases was identified in histologically negative LNs in 19 patients (15%) of early-stage cervical cancer. Therefore, it is possible that pelvic LN metastasis may have been underestimated with the conventional techniques.
Although the current data showed that neither CT/MRI nor PET/CT is perfect for detecting LN metastases, the imaging modalities may be helpful for determining of treatment field and dose for boost EBRT in uterine cervical cancer. According to the National Comprehensive Cancer Network (NCCN) guidelines, highly conformal boosts of an additional 10-15 Gy may be considered for limited volumes of gross unresected lymphadenopathy. Several studies have used imaging modalities to determine the boost field in uterine cervical cancer. Ariga et al. [5] reported that the boost EBRT was delivered to clinically metastatic pelvic LNs assessed by CT/ MRI. Yoon et al. [28] reported that the involved LNs detected on pre-RT PET/CT were treated with doses from 59.4 Gy to 63.0 Gy, with an additional boost dose of 5.4 to 9.0 Gy delivered to the residual LNs seen on PET/CT taken immediately after the completion of RT.
The current study had some limitations. First, this study was a retrospective study with small sample size. Second, only one radiologist and nuclear medicine physician read each image from CT, MRI, and PET/CT. The images should be interpreted www.e-roj.org https://doi.org/10.3857/roj.2017.00206 independently by at least two researchers to ensure objectivity and to reduce inter-personal variation. Third, because of retrospective design, histopathological classification of pelvic LNs was not grouped into regions-specific categories. For this reason, all individual LNs detected on imaging could not be correlated to the surgically removed LNs based on nodal regions-specific comparison. Although the hemi-pelvis based classification was applied to several other studies of uterine neoplasms [8, 9] , we believe that the node-by-node correlation should be carried out in a future study.
In conclusion, the results of our analysis showed that preoperative CT, MRI, and PET/CT had low to moderate sensitivity and PPV, and moderate to high specificity, NPV, and accuracy. CT and PET/CT are more useful for detection of pelvic LN metastases than MRI; although CT and PET/CT still had a very low sensitivity. More efforts are necessary to improve sensitivity of imaging modalities in order to predict pelvic LN metastases in patients who will receive definitive chemoradiotherapy without surgery for uterine cervical cancer.
